The seeds are dark brown to reddish black in color with smooth seed coat. They are dehulled by boiling, rubbing by hand after cooling, sun drying and grinding. Seed kernels are widely eaten fresh, dry, or ground and cooked with other foodstuffs [8] . They Baobab produces relatively large silvery green or brownish indehiscent fruit comprising outer hard shell, inner soft whitish powdery pulp embedding kidney shaped dark brown seeds, all bound together by thin light brown fibers [2] . The fruits hung down from the branches until they are picked by hand or hooked by long rods. Under dry condition, they can be preserved for months without spoilage because of their natural low moisture content (about 10%). The fruit pulp is the part that is more commonly used in food preparation. Ripe fruit pulp is separated from the fiber and seeds by kneading in cold water. It can then be eaten fresh, added to gruels after cooking, ground and made to refreshing drink with a pleasing wine-gum flavor, or it can stimulate the fermentation of sugar cane juice in brewing beer [3] . The level of inclusion of the pulp to the daily diet most often lies in the range of 10-20% (30) .
One unique characteristic of the pulp in food preparation is the thickening of sauces and jams probably because of its relatively high pectin content [4] . It also serves in local diets as a seasoning and appetizer. In some West African countries, the emulsion that results during the separation of pulp from seeds and fiber with cold water is mixed with milk to form a fine drink. Fermented fruit pulp occasionally substitutes the cream of tartar in baking. The fruit pods can burn as biofuel and produce potash [5] .
In many parts of sub-Sahara Africa particularly in the savanna regions, the leaves of baobab are part of the staple diet. The tender leaves are picked during the rainy season to make fresh salad dishes or to be cooked as spinach whereas at the end of the rain season, the leaves are harvested in mass, sun dried and stored as dry leaves or as fine powder [6] . A large proportion (56%) of the harvested leaf in central and some West African countries contribute to the dry season diets [7] . The mature leaves are cooked either with some potash or they are ground to fine powder, made to soup or sauce, which are consumed with thick porridge made of millet, sorghum or maize.
The baobab trees grow comfortably in areas where the annual temperature ranges between [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] °C ; they are tolerant to high temperature (up to 42 °C ) and survive long spans of drought [16, 17] . They are impressive huge trees with an average mature height of 25m and with crown diameter of 20m [16] . Information about their fruit yield is scanty; an average of 380 units/tree/year with a range of 145-585 is reported for samples from the Sudan [18] . A lower average (360 units) with a wider range (12-1800 units) is recorded for the yield in Kenia (Eastern border counties); the consumption of immature fruits by wild animals could influence the accuracy of fruit yield [19] .
can also be roasted and eaten as snack; or dried, ground and mixed with sauces or soups as a thickener; or fermented and used as a flavoring agent of various dishes [9] . The seeds consist of about 15% fat, which makes them good sources of cooking oil [1, 10] .
The Levels of Production
In terms of gravimeter, the potential fruit yield of an average baobab tree is estimated at 200kg/year [20] . However, only 40% of the trees yield every year because of environmental influences and the failure of some trees to set fruit every season. Environmental attributes such as high levels of rainfall, relative humidity, temperature, evapotranspiration, pH of water, and percentage of fine silt are associated with low fruit pulp and seed production [11, 18, 19] . As a result annual fruit yield of 80kg/tree is more realistic [20] .
The use of the different parts of baobab in the diets of rural communities living in several sub-Saharan countries and its ethno medical values are of long history [11] . In addition, the acceptance of baobab fruit pulp as food ingredient by the US Food and Drug Administration and the European Union, could increase the regional and international awareness and consumption of the fruit [12, 13] . However, baobabs' nutritional benefits in terms of satisfying nutrient requirement and health maintenance are still inconclusive because of the variability in reports [1, 3, 11, 14, 15] .
In order to prove baobab as a multipurpose nutritious and healthy food, its nutrient composition and antioxidant activity were targeted for investigation. For these purposes, relevant literature that has been documented since the last twenty years is reviewed.
The purpose of this study is therefore to give a realistic and comprehensive picture of the stand of knowledge in the chemical composition of baobab, and to highlight the levels of its inclusion in a diet, the mechanisms by which it can counter balance nutrient deficiency, hinder oxidative stress and maintain health.
Materials and Methods
The average proportion of pulp in the fruit is 17.5%, meaning 14kg pulp production/tree/year. The fraction of seed in the fruit is 29.2% giving 23.4 kg/tree/season [11] . Information on the yield of leaves is limited; however, evidences from Mali show an average level of harvest equivalent to 130kg leaf/tree/year [20] .
Nutritional Value
The differences within the same botanical parts are largely attributed to genetic variety, followed by the influence of climate, soils type, post-harvest treatment, dry matter fluctuation, extraction methods and the method of chemical analysis [3, 10] .
Secondly, test of nutrient adequacy of staple diets in Africa and the level of baobab that could supplement or complement the daily diets is calculated.
Finally, the interference of baobab in the pathway of oxidative stress is sketched and its potential to maintain health is discussed.
Results and Discussions
The level of baobab production, its nutritional and therapeutic values are presented and discussed separately.
The nutrient composition of baobab has been analyzed by different investigators and the results are summarized earlier by Chadare et al. (2008) [10] , later by Rahul J et al. 2015 [8] and by others Table 1 . In general, two observations are outstanding; first, the concentration of each nutrient is highly variable between and within similar biological parts of A. digitata. Secondly, despite extreme variations, baobab outstrips in calcium, vitamin C, iron and magnesium all other common foodstuffs denoted for their richness in these nutrients (Table 1 and 2).
Some evidence shows that the highest level of vitamin C (575mg/100g) was in the pulp coming from the regions with the lowest precipitation (450mm/year) [14] . Basic soils rich in organic matter, clay and fine silt positively correlate with the concentration of iron, zinc and vitamin C in the baobab, but not with that of calcium and magnesium, which accumulate to higher extent in the baobab trees growing in gross silt and sandy soils [10] . The type of leaves, age of tree (young or old), size of leaves (small or big), type of dehydration (sun-or shade dried), and the time-temperature combination in the procedure of absolute drying and ashing of samples, influence the nutrient concentration [9] .
Sample collection (freedom from adulterates) storage (time and condition), preparation (drying and grinding), extraction and analytical spectroscopic procedures and accompanying materials count to the causes of variation in the results. Among the spectroscopic tools, the atomic absorption spectroscopy is relatively lower in sensitivity and precision than atomic emission spectroscopy, especially than that of ICP-OES-(Inductive Coupled Plasma Optic Emission Spectroscopy) [21] . In addition, the condition of their internal devices (e.g. incorrect lamp, misalignment of burner, blockage of nebulizer, as well as the sources and intensity of the energy (e.g. incorrect flame type, lamp current, blockage of burner) that agitate the atoms can influence the accuracy of results [21] . Table 2 : Nutrient composition as-is (mean and range) of some common foodstuffs for comparison with baobab (Table 1) Despite the problems of standardization in sample collection, preservation, preparation and analysis, valuable information about Iron deficiency anemia is the most prevalent health problem affecting about 2 billion people in the world [33, 34] . It is characterized by the reduction of DNA replication, protein synthesis and cell formation (e.g. erythrocytes). As a result, iron deficiency contributes to the impairment of physical, cognitive and immune system development in childhood and to the reduction of work productivity by adults [34] . Nutritional iron deficiency arises when the iron concentration of the diet and/or its absorption from the intestine are suboptimal. Baobab leaves and fruit pulp have the potential of rectifying the problems.
nutritional and therapeutic value of baobab is available. The calcium, iron and ß-carotene content of the baobab leaves, calcium and vitamin C of the pulp and magnesium of the seeds are outstanding. Baobab leaves contain 10-18 times more calcium than the common foodstuffs known as calcium-rich (e.g. milk, green-leafy-vegetables and pulses) ( Table 2) .
For many years, the prevalence of magnesium deficiency and its importance in structural, biochemical and physiological functions of the body did not get as much attention as that of iron, iodine and vitamin A, probably due to the lack of specific symptoms to detect its deficiency and the unwarranted conviction that common diets contain adequate magnesium [37] . However, recent observation on the treatment effect of magnesium, which resulted in some relief from pain, heart problems and its depleting effect, inflicted the need for revision of old concepts. Accordingly, balance studies about the adequacy of magnesium even in some developed regions came up with unexpectedly high negative results. Average daily magnesium intake in the US, France, Israel and South Africa proved to be only 50%, 79%, 59%, and 61% of the recommended daily intake (420mg/day) [33] . Depletion of soil magnesium due to intensive monoculture agricultural, and the processing and refining of foodstuffs, as well as softening of drinking water to increase its household cleaning quality are some of the causes of the decline in the supply and intake of magnesium [38, 39] .
The pulp contains about 1/3 the calcium in the leaves, 2-times the concentration in milk and 3-4-times that in leafy vegetables. It is also rich in ascorbic acid (mean concentration 238 mg/100g) containing about six times more than common fruits. One of the important functions of vitamin C is the promotion of the bioavailability of dietary minerals through three distinct mechanisms [25] . First, it promotes acidic condition in the stomach and intestine maintaining conducive environment for iron absorption. Second, it chelates ferric iron (Fe +++ ) forming stable and soluble complex even at higher pH (>3). Third, it reduces ferric iron to ferrous iron, thereby preventing it from precipitation as ferric hydroxide. In addition, it is essential for the promotion and maintenance of health as described in the section dealing with therapeutic value of baobab, page 5. Baobab pulp contributes to these vital biological functions because of its unequalled content of vitamin C.
In cases where cereals dominate the staple diet, the absorption of Fe, Zn and Ca decline because of relatively high content and activity of phytic acid [26] . Vitamin C, at levels of 30-50mg/day can overcome the negative impact of phytic acids and other inhibitor-molecules such as tannic-and oxalic acids [27] . Based on this information and the data given in Table 1 , it is calculated that less than 20g of baobab pulp can supply the desired level of vitamin C.
The staple diets in sub-Sahara Africa, which consist largely of cereals, roots and tubers, are low in calcium and at the same time high in phytic acid, oxalic acid and tannic acids that can hinder the bioavailability of calcium [29] . In line with this, children with bone deformities (rickets) due to calcium deficiency, but without overt vitamin D deficiency have been reported from Nigeria, the Gambia and South Africa [30] . In East Africa (Ethiopia, Kenia, Zimbabwe) the average daily diet with DDS (dietary diversity score) of more than four can only satisfy about 42% the minimum daily calcium requirement (800mg) [31] . In order to complement the diet and meet the daily requirement about 30g baobab leaves, which are moderately rich in Ca (1582mg/100g), or the combination of 25mg leaves and 20g pulp (calcium density of 302mg/100g and vitamin C of 238mg/100g) are recommended to increase both Ca intake and bioavailability. The leaves are additionally rich in β-carotene, the vitamin A precursor that can enhance calcium and iron absorption through the formation of soluble complexes and reversing the inhibitory effects of phytates and other polyphenols [32] .
Baobab leaves contain on the average 65mg Fe/100g sample, more than five times the level of iron present in the richest conventional foodstuffs (11.9mg Fe/100g legume) and more than 15x that in meat (4.2mg/100g) ( Table 1 and 2). In East Africa, 30 g of baobab leaves that are meant to satisfy the daily requirement for calcium can as well more than satisfy the daily requirement for iron (15mg). If the concern is, however, to balance the daily iron requirement, then complementing the common daily diet with about 6g of ground baobab leaves will be sufficient.
The pulp has moderate iron concentration that on the average is comparable to that in beef (about 4mg/100). However, the combination of its moderate iron and rich vitamin C content would enable the pulp to be a desirable complement of the daily diet in East Africa. Considering the average concentration of vitamin C in the pulp (238mg/100g), the average daily requirement by human beings (75mg), and the content of average daily diet in East Africa (about 66mg), the complementation of the diet with only 4-5g pulp, will fulfill the daily requirement.
Baobab is additionally rich in magnesium and zinc. The magnesium content (339mg/100g dry sample) of the leaves and that of the seeds (402mg/100g dry sample) are 2.35 and 2.8 times that of pulses (144mg/100g), the foodstuffs commonly known as rich sources of magnesium. Conventional diets characterized by relatively high content of refined cereals are limited in Mg content (19-32mg/100g) and high content of Mg-absorption inhibitors [35] . The phosphates in the cereals and most soft drinks bind magnesium and render it unavailable, while highly soluble carbohydrates increase the renal excretion [36] .
There are instances when the test of mineral adequacy based on balance studies by comparing requirement and intake seem to require some revision. A balanced diet adequate in all nutrients including zinc was not able to support the desired growth; but the enrichment of the diet with zinc supplement promoted optimal growth [43] . It appears that more zinc than required improved the performance, but in reality, it could also be a problem of the bioavailability of the zinc in the original situation. This suggests that absorption promoters like vitamin C could also support growth when the zinc demand and intake are at equilibrium. In this case, an arbitrary supply of about 20g pulp with 56mg of vitamin C could bring about the desired effect.
Magnesium is essential for a wide range of metabolic reactions because of its activities as the co-factor of at least 300 enzymes that are involved in energy, protein and DNAs metabolisms and its involvement in bone formation and function [37, 40] . Magnesium deficiency can slow down these functions and cause health problems, which are most often asymptomatic. However, muscular chronic weakness, cramps, fatigue, forgetfulness and cardiac arrhythmia can be related to magnesium deficiency [40] .
The average amount of food available for consumption in Africa, albeit the differences between countries, is 1508g/cap/day or 2771kcal/cap/day [28, 31] . A balance study depicted that this diet, which is prepared from variable quantities of processed cereals, roots, tubers, pulses, vegetables nuts, meat, milk and its products, fat and sugar supplies 325mg magnesium, which is 80-95mg short of the recommended level of daily intake. Some 25g of each of baobab leaves or seeds can rectify the deficiency. A combination of 15g seed and 11g pulp can form an optimal alternative for the reason that the ascorbic acid of the pulp at the same time promotes the bioavailability of magnesium as well as that of calcium, iron and zinc.
The leaves and seeds of baobab have better concentration of zinc, (4 and 5mg/100g respectively), than the commonly known rich sources including legumes (2.4mg/100g), beef (1.6 mg/100g) and some fish sorts (2.4 mg/100g) [41] . In addition, the extra ordinarily rich content of ascorbic acid in the pulp can promote the bioavailability of zinc to meet the demand for metabolic processes [26, 42] . The combination of the three biological parts of baobab can form a worthy complement to the daily diets in East Africa and other zinc deficient regions like South Asia. They would not only provide twice more zinc than the richest common foodstuffs but they could also improve its bioavailability.
Similar to magnesium, zinc is an integral component of about 300 anabolic or catabolic enzymes that catalyze the synthesis and/ or the degradation of all major metabolites [45] . It is involved in DNAs and proteins synthesis, the stabilization of their structure, integration of sub-cellular organelles, transportation of metabolites such as iron, and in immune system functions [45] . Any negative influence to these functions arising from the consumption of diets low in zinc and/or vitamin C and high in cereals that are rich in phytate and dietary fiber can cause stunting in children and adolescents, dermatitis, poor wound healing, suppression of immunity, neurophysiological impairment, and pregnancy complication [43] .
Nearly half of the world population is at risk of zinc deficiency because of inadequate zinc intake and low bioavailability [44] . The effect is more prevalent in Africa and South Asia not only because of relatively lower intake of zinc (about 9mg/day) as compared to that of North America and West Europe (12mg/day) but also due to lower bioavailability as a result of high phytic acid content of the diets (phytate:zinc molar ratio 26:13). The phytate: zinc molar ratio at the levels of ≤15 do not result in negative growth performance but those higher than 15, and particularly those in the range of ≥20 slow down body growth [42] .
Therapeutic Value
Baobab (Adansonia digitata L.) has a long history of nutritional and ethno medical values in Africa. In ancient Egypt, baobab was used to treat fever and dysentery while in sub-Sahara Africa the different botanical parts of baobab are applied to treat diarrhea, malaria and microbial infections [46, 47] . Baobab can prevent hypertension, chronic heart diseases, stroke, diabetes and Alzheimer's disease by combating oxidative stress [48, 50] . The pathway of oxidative stress, health disturbances and the involvement of baobab in the antioxidant activity and the prevention of diseases is shown using Figure 1 and 2.
Free radicals, particularly reactive oxygen species (ROS) are predominantly the products of biochemical reactions, but some can result from cigarette-smoke, radiation, air pollution and medication [50, 51] . In normal conditions, naturally occurring antioxidants like superoxide dismutase, catalases, glutathione peroxidases and vitamins C, A, E counter act the oxidants and conduct regulatory functions related to immune defense, antibacterial activity, and vascular tone [51] . In case of imbalance between ROS and natural antioxidants, external antioxidants originating from food sources like baobab can stabilize the superfluous ROS, and prevent oxidative damage to body lipids, DNAs and proteins, thus inhibiting diseases like atherosclerosis, hypertension, cardiovascular diseases, neurodegeneration and cancer [50, 52] .
Excess ROS can additionally damage tissues and activate phagocytes that cause the release of transitional metal ions, furthering ROS generation and worsening the injuries. Likewise, mitochondrial damage increases the release of intermembrane proteins such as cytochromes to cytosol, reduces ATP-synthesis, slows down metabolic processes, (TCA cycle, fatty acid oxidation, amino acid metabolism, urea cycle) and activates the cells apoptosis/necrosis (Figure 1 ) [49] .
Baobab is an essential natural resource with high antioxidant potential because of its richness in polyphenols mainly flavonoids and its panacea property [59] . Distinctive chemical structures of flavonoids including the ortho-dihydroxy arrangement in ring B (Figure 2 ) are associated with antioxidant activities. The hydroxyl group donates its hydrogen atom to a radical molecule in two steps (top left, bottom left, Figure 2 ), thereby stabilizing it and consequently generating a relatively stable flavonoid phenoxyl radical, which in the subsequent reaction give stable quinone structure. The B-ring hydroxyl is the most active scavenger of both oxygen and nitrogen centered free radicals. Hydroxyl groups of this nucleus donate hydrogen and an electron to hydroxyl, peroxyl and peroxynitrite radicals, stabilizing them and giving rise to relatively stable flavonoid radicals. Among the flavonoid derivatives, quercetin and anthocyanins expresses higher antioxidant capacity [53] . Increasing fruit and vegetable consumption to 600g/day can reduce the total burden of ROS and associated diseases because of their richness in antioxidant molecules among which polyphenols are predominant [55] . Total phenols content of tropical fruits and vegetables ranges between 11.7 and 978.6mg/100g [60] . Baobab outstands most of the commonly known fruits and vegetables in phenolic content (1085mg/100g pulp) and shows better potential in preventing chronic diseases arising from oxidative stress [56] . It specially contains ample anthocyanins, the flavonoids that are effective both in scavenging reactive oxygen and in inhibiting lipoprotein oxidation and platelet aggregation [56] .
Baobab is a better source of flavonoids than fruits and vegetables and have versatile health benefits associated with the inhibition of oxidative stress, and the induction of anti-inflammatory, anti-cancer and antiviral activities [50] . Likewise, it can prevent cardiovascular diseases [55] . The fruit pulp is used to treat infections because of its relatively high vitamin C and antioxidant content [58] . Baobab's anti-oxidant and anti-inflammatory properties do not only make it essential for medical use but also for use in food technology.
A comparison of the integral antioxidant capacity (IAC) of baobab and selected common food resources indicated that the former outstrips by high range (Table 3) . Similarly, Vertuani S et al. (2002) stated that the IAC of baobab pulp extract is 10 times that of orange [58] . The most impressive IAC (1617.3µmol/g) is, however, that of baobab red fiber, which is 66 times that of orange (24.3µmol/g) [61] . Recent evidences indicate that the aqueous extract of baobab-bark, which contains polyphenols including anthocyanins, proved an anti-sickling activity [52] . Baobab can stabilize sickled-blood-cells-membrane, reduce methemoglobin to hemoglobin and produce anti-sickling effect [52] . Its anti-inflammatory, anti-cancer and antiviral activity are well-documented [46] . Crude ethanoic and aqueous extracts of the stem and root-barks, which contain bioactive constituents like tannins, terpenoids, saponin and other polyphenols, resulted in significant antibacterial activity [47] . In an experiment with broilers, that are supplied with a diet containing decorticated extracted roasted baobab seed meal (DERBSM) at limited extent (about 5%±2.5%), the extract induced anti-oxidative property, which reduced the oxidative spoilage to meat and promoted body weight gain and food efficiency [57] .
The botanical parts of baobab prove different levels of unequaled nutrient content compared to legumes, vegetables and fruits. The leaves are the richest in calcium, iron and ß-carotene content, while the pulp and seeds are outstanding in vitamin C and magnesium respectively. There is, however, a wide range of variability of nutrient content even within similar botanical parts. The standardization of samples according to botanical characteristics (phenotype, age of tree…), location of growth (site, topography), edaphic characteristics (soil type, texture, chemistry…), climate (rainfall, temperature) cultural practices (plant husbandry, harvesting procedures and season…), dehydration, storage, shelf life, and methods of lab-analysis, can minimize experimental error and differences, making generalization and interpretation of results easy and reliable.
Conclusion
It is possible to rationalize the therapeutic value of baobab using the levels of its nutrient composition, antioxidant activity in the pathway of oxidative stress and health impacts. However, biological and/or biochemical evidences that confirm the effects and standardize the level of intake are hardly known. In this respect, a large area of research remains open. 
